hyperglycemia, ketoacidosis, and electrolyte imbalances as well as identification of comorbid precipitating events [1] .
Insulin via continuous intravenous infusion (ICII) is the standard of care for treating patients with DKA. Insulin promotes glucose utilization and suppresses generation of additional ketones, which helps to correct acidosis and other metabolic complications of DKA [2] . After DKA is resolved, ICII is transitioned to subcutaneous insulin therapy. If the patient was previously on a stable dose of basal insulin, that dose is typically resumed [1] .
Guidelines from several organizations address insulin use in DKA management [1, [3] [4] [5] [6] [7] . Although guidelines from the Joint British Diabetes Societies and the British Society of Pediatric Endocrinology and Diabetes suggest considering the continuation of home dose subcutaneous basal insulin (HDBI) in patients being treated acutely for DKA [4] [5] [6] , there is no mention of this practice in the American Diabetes Association, Canadian Diabetes Association, or International Society for Pediatric and Adolescent Diabetes guidelines [1, 3, 7] . The evidence cited for the recommendation to continue HDBI in the British guidelines consists of expert opinion and one small randomized controlled trial that showed a decrease in rebound hyperglycemia using an early weight-based dose of basal insulin [8] . Fewer than 50% of patients in this trial were being treated for DKA. Additional studies evaluating the role of early basal insulin in children [9, 10] and adults [11, 12] with DKA have been performed, but they also used weight-based dosing regimens instead of continuing HDBI. The objective of this study was to evaluate DKA treatment outcomes in patients who received early vs delayed HDBI.
Methods
This retrospective cohort study was conducted in a 562-bed rural academic medical center in Burlington, Vermont. Following institutional review board approval, all patients admitted with a diagnosis of DKA between 1 July 2012 and 30 June 2015 were identified using International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes. Patients aged 16 years or older admitted to the medical intensive care unit (ICU) who received ICII and HDBI were included. Patients were excluded if they required surgery within 48 hours of ICII discontinuation, were pregnant, had vasopressor-dependent shock, or had another indication for insulin therapy (e.g., hypertriglyceridemia). Patients who did not meet criteria for early or delayed HDBI and those for whom ICII was discontinued before resolution of DKA were also excluded. Resolution of DKA was defined as blood glucose #250 mg/dL and two of the following: anion gap #12 mEq/L, serum bicarbonate $15 mmol/L, or venous or arterial pH .7.3. This definition is based on criteria for resolution of DKA from the American Diabetes Association (ADA), with a different blood glucose threshold due to institutional guidelines [1] . Patients from outside hospitals were included if they met diagnostic criteria for DKA per the ADA on transfer [1] . Patients who were admitted on a home continuous subcutaneous delivery system were included if the system was discontinued on admission, if there was sufficient documentation in the medical record to calculate their home basal dose, and if inpatient HDBI was started as a long-or intermediate-acting subcutaneously delivered preparation. Multiple admissions per patient were allowed.
Basal insulin was considered HDBI if the first 24 hours of long-or intermediate-acting subcutaneously administered insulin was within 25% of the patient's total daily home basal insulin dose. In the instance of premixed insulin, only the intermediate-acting component counted toward total daily basal dose. Early HDBI was defined as initiation of basal insulin within 24 hours of the initiation of ICII and before resolution of DKA. Delayed HDBI was defined as initiation of therapy with the above-mentioned insulins that did not meet early criteria and within 6 hours before, or any time after, discontinuation of ICII.
The primary outcome was incidence of transitional failure between groups. Transitional failure was defined as the resumption of ICII or recurrence of DKA between 2 and 12 hours after initial discontinuation of ICII. Up to 2 hours off ICII was allowed due to our institutional DKA protocol in cases of hypokalemia or hypoglycemia. Resumption of ICII before this 2-hour time point resulted in transitional failure if the original ICII order was discontinued and if there was clear documentation that a transition to HDBI was attempted. Resumption of ICII after the 2-hour point was allowed in cases where the original ICII order was not discontinued and there was clear documentation that the infusion was being held due to hypokalemia or hypoglycemia. Recurrence of DKA was defined as blood glucose $250 mg/dL and two of the following: calculated anion gap .12 mEq/L, serum bicarbonate ,15 mmol/L, or venous or arterial pH ,7.3. Our institutional DKA protocol is based on the ADA consensus statement on treatment of hyperglycemic crises in adult patients [1] . We target an initial hourly blood glucose decrease of 60 to 125 mg/dL and increase the ICII infusion rate if this target is not met. Our protocol does not address the transition from ICII to subcutaneous insulin; this is left to the discretion of the provider.
Secondary outcomes included incidence of rebound hyperglycemia, incidence of hypoglycemia, number of finger stick blood glucose (FSBG) measurements in the first 24 hours, time to anion gap #12 mEq/L, duration and maximum rate of ICII, and lengths of stay in the medical ICU and hospital. Rebound hyperglycemia was defined as any blood glucose level .200 mg/dL in the 24 hours after discontinuation of ICII. Patients in whom ICII was discontinued with blood glucose .200 mg/dL were not included in this outcome. Hypoglycemia was defined as any blood glucose ,70 mg/dL during ICII therapy or in the 24 hours after discontinuation. Both venous and capillary samples were evaluated when assessing blood glucose.
Demographic information, baseline comorbid status using the age-adjusted Charlson Comorbidity Index [13, 14] ; severity of illness as measured by the Simplified Acute Physiology Score II [15] ; and information on inpatient management such as insulin, intravenous fluid, steroid, and antibiotic therapy, laboratory values, length of stay, inpatient mortality, and precipitating factors were collected by electronic and manual data extraction. The Charlson Comorbidity Index was calculated using ICD-9-CM codes and a coding algorithm developed by Quan et al. [14] . If a laboratory value was below or above the limit of detection (e.g., serum bicarbonate ,5 mmol/L or b-hydroxybutyrate .9 mmol/L), the limit of detection was used. Resuscitation fluid was defined as the type of fluid that constituted the majority of the first 2 L of documented intravenous intake. Balanced crystalloid resuscitation included use of lactated Ringer's, PlasmaLyte TM -A (Baxter, Deerfield, IL) or Normosol TM -R (Hospira, Inc., Lake Forest, IL) solutions.
Descriptive statistics were used to summarize demographic information, inpatient management, and initial laboratory values. For the primary and secondary outcomes, univariate analysis was used to determine unadjusted ORs and associated 95% CIs. Categorical variables were compared among groups using Fisher exact test. Continuous variables were compared among groups using a two-group t test or Mann-Whitney U test if data were not normally distributed. The significance threshold was set at P , 0.05. All analyses were completed using SPSS (SPSS Statistics for Windows, Version 22.0; IBM Corp., Armonk, NY).
Results
A search of hospital electronic health records yielded 267 DKA admissions. Of these, 106 (40%) admissions from 57 patients were included in the final analysis (Fig. 1 ). Admission to a unit other than medical ICU (42%) and not having received HDBI (16.7%) were the most common reasons for noninclusion. The median patient age within the cohort was 29 years (range, 18 to 92 years), and 36 (34%) were male. The groups were similar at baseline, with a higher body mass index and higher incidence of balanced crystalloid resuscitation in the early group. Additionally, a higher percentage of patients received early HDBI during the latter 2 years of data collection (Table 1) .
A similar number of patients in the early and delayed groups received an intravenous insulin bolus prior to ICII initiation (55 vs 48%; P 5 0.68). Early and delayed groups had similar initial ICII rates of 0. There was no significant difference in the rates of transitional failure between the early and delayed HDBI groups (6 vs 10%, P 5 0.717) ( Table 2 ). Most patients (89%) failed the transition due to resumption of ICII after initial discontinuation. No patient who resumed ICII had rebound DKA. Early HDBI was associated with less time on ICII and favorable trends toward reduced hypoglycemia, fewer interruptions of ICII due to hypoglycemia, and fewer FSBG checks. When severe hypoglycemia, defined as any blood glucose ,40 mg/dL, was evaluated, there was no significant difference between the early and delayed groups (12 vs 10%; P 5 0.74). Rebound hyperglycemia was similarly common between groups, with an 86% incidence in evaluable patients, and there was no significant difference in median time to hyperglycemia between the early and delayed groups (6.4 vs 4.2 hours; P 5 0.15). There were no significant differences between groups in any other secondary outcomes. Due to a lower-than-expected primary outcome event rate, a preplanned multivariate analysis was not performed.
Discussion
Guidelines from the Joint British Diabetes Societies Inpatient Care Group and the British Society for Pediatric Endocrinology and Diabetes suggest consideration be given to continuation of HDBI during the initial management of DKA. The evidence base for these recommendations consists of weight-based dosing of insulin glargine [8, [10] [11] [12] . No previous study has evaluated the impact of following these guideline recommendations. Our retrospective evaluation of early vs delayed HDBI is an important study of continuing basal insulin at patients' home doses in acute DKA. Early HDBI failed to show a significant difference in the rate of transitional failure. However, we demonstrated that use of early HDBI was associated with shorter duration of ICII and trends toward reduced incidence of hypoglycemia, fewer interruptions of ICII due to hypoglycemia, and fewer FSBG checks.
Previous studies evaluating early subcutaneous basal insulin in the acute management of adult patients with DKA receiving ICII have been performed [8, 11, 12] . Hsia et al. [8] performed a prospective randomized trial evaluating early insulin glargine in 61 patients with diabetes requiring ICII. Patients randomized to early insulin glargine received a dose of 0.25 U/kg within 12 hours of ICII initiation. Only 41% of the patients had DKA, with another 41% treated after solid organ transplantation. They observed high rates of rebound hyperglycemia in the control group, with 93.5% of patients with at least one glucose value .180 mg/dL during the 12-hour follow-up period. The rate of rebound hyperglycemia in the intervention group was significantly lower at 33%. Three asymptomatic hypoglycemic measurements occurred in two control patients and no patients in the intervention group. Houshyar et al. [12] executed a prospective randomized trial evaluating an early weightbased dose of insulin glargine in the management of 40 adult patients with DKA. Intervention patients received 0.4 U/kg of insulin glargine within 3 hours of ICII initiation. Notably, 40% of patients had newly diagnosed diabetes and baseline diabetes control was poor, with an average HbA1c of 12.5%. The authors noted trends toward faster recovery from acidosis and a reduction in the amount of required insulin. Rebound hyperglycemia, defined as the percentage of blood glucose readings in the first 24 hours .150 mg/dL, was significantly lower in the intervention group than in the control group (35% vs 51%). Hypoglycemia occurred in nine patients overall, with no difference between groups. Doshi et al. [11] studied the effect of dosing insulin glargine in the acute management of DKA in the emergency department. In this prospective pilot study, 40 patients were randomized to ICII alone (control group) or to ICII plus 0.3 U/kg insulin glargine (intervention group). There were no significant differences in outcomes, including time to closure of anion gap and hospital and ICU length of stay. Hypoglycemia, defined as blood glucose #60 mg/dL during 24 hours after anion gap closure, occurred in 13% of patients. Rebound hyperglycemia was not evaluated. Two studies of early long-acting insulin have been performed in the pediatric population [9, 10] . Shankar et al. [9] retrospectively evaluated 12 children with DKA who received 0.3 U/kg of insulin glargine in the first 6 hours of management and compared them with 59 control subjects. All patients received ICII. They found a shorter time to acidosis correction, a shorter duration of ICII, and a trend toward shorter hospital stay. The authors noted no episodes of symptomatic or asymptomatic hypoglycemia in either group; the rate of rebound hyperglycemia was not assessed. Harrison et al. [10] also retrospectively evaluated 55 pediatric admissions aged 2 to 21 years who received .4 hours of coadministered subcutaneous glargine and ICII and compared them with 94 patients whose overlap was ,4 hours. The duration of DKA and ICII was longer and hypokalemia more frequent in the patients with early coadministered glargine. Incidence of hypoglycemia was similar between groups. Neither study included information about home insulin dose.
Our finding of decreased duration of ICII is consistent with the literature [9, 12] . We were unable to replicate previous findings of decreased time to closure of anion gap and decreased rebound hyperglycemia [8, 9, 11] . We discovered high rates of hyperglycemia in both patient groups. However, our criterion for hyperglycemia was strict. Various other studies describe rebound hyperglycemia using percentages of elevated blood glucose readings and time in target glucose concentrations [12, 16] . Our rate of rebound hyperglycemia was similar to the control group studied by Hsia et al. [8] , whose definition closely matched ours.
Higher-than-expected rates of hypoglycemia were also seen in our patient population, even with the trend favoring early HDBI. We evaluated the maximum rate of ICII in our population, but there was no difference between groups. It is possible that a shorter duration of ICII led to less opportunity for hypoglycemia; however, our study was not designed to investigate this association, and it remains hypothesis-generating only. All five trials of early insulin glargine with ICII in DKA described lower rates of hypoglycemia than our study, despite similar definitions [8] [9] [10] [11] [12] . Three of these studies detailed their insulin treatment protocol for DKA [9] [10] [11] . In all three protocols, insulin infusion was started at 0.1 U/kg/h, and the rate was not typically adjusted. This is in contrast to our DKA protocol, where the ICII rate was increased if the hourly decrease in blood glucose was ,60 mg/dL. Our DKA protocol also targeted an initial hourly blood glucose decrease of 60 to 125 mg/dL, which is higher than suggested by the current ADA DKA guidelines [1] . Demographically, our patient population was broadly representative of patients with DKA with the exception that we enrolled only two nonwhite patients. This is representative of the population of Vermont [17] . Otherwise, our sample matches other studies in age distribution, sex dispersion, insurance coverage, and rate of nonadherence [1, 12, [18] [19] [20] [21] .
This study has several limitations. Due to its retrospective nature, patients were not randomized to receive early or delayed HDBI, and collected data were limited to those recorded in the electronic health record. This was a single-center study, and DKA protocols may vary between institutions. It is possible that inconsistent timing of HDBI administration, variable protocol compliance, and a nonstandard transition from ICII to subcutaneous insulin confounded our results. Although our DKA protocol remained consistent through the study period, practice change occurred, as evidenced by increasing usage of early HDBI and balanced crystalloid resuscitation in later years. Our study was also not designed to test for protocol compliance. Our providers do not order the protocol as a single order but select an order set in which doses can be modified or omitted. For example, the distribution of initial ICII rates indicates that some providers replace 0.1 U/kg/h with lower or higher rates of infusion. Finally, we were unable to account for carbohydrate intake in the early stages of DKA due to limitations in documentation. It may prove difficult to adequately power a study examining the benefits of early HDBI in patients with DKA. Doshi et al. [11] predicted a trial of 1120 patients would be needed to detect a treatment difference in time to closure of anion gap. In our trial, if the difference in transitional failure was the result of the intervention and not due to chance, a trial of 720 patients would be needed to detect a treatment difference, assuming a 5% significance level and 80% power.
In summary, we performed a retrospective chart review evaluating DKA treatment outcomes in patients who received early vs delayed HDBI. There was no significant difference in incidence of transitional failure between early and delayed HDBI. Early HDBI was associated with less time on ICII and with a trend toward lower rates of hypoglycemia. A large, multicenter prospective analysis is needed to confirm these exploratory findings.
